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P r i t c h a r d  and Cronin (1971) have p red ic t ed  t h a t  enlargement of t h e  
Chesapeake and Delaware (C and D) Canal, from 8.2 m (27 f t )  by 76.2 (250 f t )  
t o  10.7 m (35 f t )  by 137.2 m (450 f t ) ,  w i l l  r e s u l t  i n  i nc reased  average  
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maximum t i d a l  v e l o c i t i e s  of about  0.69 m/sec (2.28 f t / s e c -  ), a f a c t o r  of 
1.23. Th i s  i nc reased  flow, along wi th  n a t u r a l  sediment i npu t  and main- 
tenance  dredging,  may c r e a t e  h i g h e r  suspended sediment loads  i n  t h e  c a n a l  
and i t s  approaches. 
The p o s s i b l e  e c o l o g i c a l  e f f e c t s  of suspended sediments a r e  manifold.  
B r i e f l y ,  suspended sediments may cause an  inc reased  s u r f a c e  f o r  micro- 
organism growth, fewer temperature f l u c t u a t i o n s ,  chemical adso rp t ion  o r  
abso rp t ion ,  b l anke t ing ,  mechanical-abrasive a c t i o n s ,  and l i g h t  p e n e t r a t i o n  
r educ t ion  (Cairns ,  1968).  Sherk and Cronin (1970) have poin ted  ou t  t h a t  
t h e  above e f f e c t s  have been l i t t l e  s t u d i e d  i n  t h e  e s t u a r i n e  environment. 
The e c o l o g i c a l  e f f e c t s  of suspended sediments on f i s h  eggs and l a r v a e  
may b e  of prime importance t o  t h e  C and D Canal a r e a ,  a n  important  spawn- 
i n g  and primary nu r se ry  a r e a  f o r  a v a r i e t y  of e s t u a r :  e spec i e s  (Johnson, 
1972).  l h i s  s e c t i o n  d i s c u s s e s  t h e  e f f e c t s  of suspended sediment on t h e  
eggs and l a r v a e  of s t r i p e d  bas s  and wh i t e  perch. 
M a t e r i a l s  and Methods 
Suspended sediment a s says  were performed us ing  a n  appa ra tus  t h a t  
b a s i c a l l y  fol lowed t h e  des ign  of Schubel, Schiemer and Schmidt (1972), 
except  t h a t  we used a 25 RPM motor i n s t e a d  of an  18 RPM motor f o r  d r i v i n g  
t h e  p l a t e  and we d i d  not  use t h e  f eede r  r e s e r v o i r .  The bui ld-up of  was te  
products  ( exc re t ion  from the  eggs and l a r v a e  of n i t rogenous  was tes )  was 
nons ign i f i can t  i n  r e l a t i o n  t o  t h e  egg:water volume r a t i o .  Behavior of 
t h e  suspended s o l i d s  i n  our  tanks  b a s i c a l l y  followed t h e  type  of v a r i a t i o n  
noted by Schubel e t  a l .  (1972) i n  t h e i r  tanks.  
The sediment used i n  a l l  of our experiments was co l l ec ted  from t h e  
western end of the  canal  and was e s s e n t i a l l y  s i l t  and c lay .  Ins tead  of 
drying t h e  sediment, which might change i t s  c o l l o i d a l  na tu re ,  i t  was 
kept hydrated. To ensure d ispers ion of any aggregates t h a t  might have 
formed, t h e  sediment was son i f i ed  f o r  15 min wi th  a Biosonik I V  s o n i f i e r  
a f t e r  being placed i n  the  sediment chamber. The concentrat ion of sediment 
was measured i n  t r i p l i c a t e  f o r  each tank by taking a l i q u o t s  of the  sus-  
pended sediment and f i l t e r i n g  i t  through pre-weighed 0.5 ,u Nucleopore 
f i l t e r  membranes. The membranes were d r i e d  over s i l i c a  g e l  f o r  48 h r s  
i n  a des icca to r  and then weighed. The c o e f f i c i e n t s  of v a r i a t i o n  f o r  
the  suspended sediment analyses were genera l ly  l e s s  than one per  cent .  
The eggs were not allowed t o  f l o a t  f r e e l y  i n  each exposure bath  
but  were incubated i n  p lex ig las  cylindersi the bottom of which were covered 
wi th  f i n e  mesh n i t e x  screen. Larvae were a l s o  assayed i n  these  cyl inders .  
Each sediment tank was placed i n  a l a r g e  p lex ig las  tank. Temperature 
was.control led wi th  a Blue-M por tab le  cooling c o i l  and a Braun hea te r -c i r -  
c u l a t o r  i n  t h e  ex te rna l  bath. 
The e f f e c t  of sediment blanketing on white perch eggs (an adhesive 
demersal egg) was s tudied by mixing up various sediment concentrat ions and 
then pouring t h e  so lu t ion  over white perch eggs t h a t  had been water-hardened 
i n  TPX dishes .  This technique allowed us t o  prepare t r i p l i c a t e  samples 
wi th  ease. The sediment s e t t l e d  uniformly over t h e  eggs and the  th ickness  
of t h e  sediment was e a s i l y  measured wi th  a v e r n i e r  c a l i p e r  o r  metr ic  r u l e .  
T r i p l i c a t e  samples f o r  a v a r i e t y  of sediment thicknesses were incubated 
i n  a l a rge  b a t h  with temperature con t ro l s .  
Eggs and larvae  f o r  t h e  sediment experiment were obtained a s  described 
i n  Morgan and Rasin (1973). Eggs and larvae  were scored according t o  the  
ranking s ca l e  used i n  temperature and s a l i n i t y  experiments (Morgan and 
Rasin, 1973). Per cent hatch and survival  were determined f o r  each 
sample. S t a t i s t i c a l  t e s t s  were from Sokal and Rohlf (1969). 
RESULTS 
Both t he  eggs of white perch and s t r i ped  bass a r e  r e s i s t a n t  t o  
t h e  e f f e c t s  of suspended sediments. White perch eggs were exposed t o  
suspended sediment l eve l s  ranging from 50 t o  5250 ppm (Fig. 1 ) .  Per 
cent  hatch was not s i gn i f i c an t l y  af fected over the  range of sediment 
l eve l s  t e s t ed  (Fig. 1 ) .  However, the  development r a t e  of the  white perch 
eggs was s i gn i f i c an t l y  (p = 0.05) slowed a t  sediment l eve l s  over 1500 pprn 
(Fig. 1 ) .  A t  5250 pprn, the  developmental r a t e  was lowered t o  approxi- 
mately 65% of the  control .  The developmental r a t e s  from 4000 - 5250 ppm 
were s i gn i f i c an t l y  lower than the  r a t e s  from 2000 t o  3250 ppm. A l l  t h e  
development r a t e s  from 2000 t o  3250 pprn were approximately 80 - 85% of 
t h e  con t ro l  development. These lowered developmental r a t e s ,  a t  h igher  
sediment l eve l s ,  delayed hatch of rhe white perch eggs by a s  much a s  one 
day. 
The hatch of s t r iped  bass eggs, a s  per  cent of control  hatch,  was 
not s i gn i f i c an t l y  a f fec ted  by suspended sediment l eve l s  ranging from 20 
t o  2300 pprn (Fig. 2) .  St r iped bass hatch a t  sediment l eve l s  of 900 t o  
1050 pprn was low (42-52 per cent of control  hatch) ,  but t he  standard 
deviat ions f o r  each point  of th ree  Pepl ica tes  was about 35 per cent of 
the  mean. Generally, t h e  standard deviat ions f o r  a l l  of the  other  po in t s  
were lower than 15 per cent of the  mean. 
Development of t he  s t r i ped  bass eggs was s i gn i f i c an t l y  (p = 0.05) 
lowered a t  sediment l eve l s  over 1500 pprn (Fig. 2) .  The developmental 
r a t e  was lowered t o  approximately 80% of t h e  c o n t r o l  ranked development. 
I n  t h e  ma jo r i ty  of experiments wi th  both  whi te  perch and s t r i p e d  
bass ,  we d i d  not observe sediment s t i c k i n g  t o  t h e  eggs u n t i l  sediment 
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l e v e l s  of over  1000 ppm were reached. Th i s  may be an  a r t i f a c t  of t h e  
t e s t i n g  equipment o r  our  p re se rva t ion  techniques.  Even a t  2300 ppm of  
sediment, t h e r i  was l i t t l e  sediment adhering t o  t h e  s t r i p e d  bass  eggs. 
Generally,  whi te  perch eggs exposed t o  suspended sediment l e v e l s  over  
2000 ppm had more adhering sediment than  d i d  t h e  s t r i p e d  bass  eggs. 
White perch eggs a r e  adhesive and demersal (Mansueti, 1964).  
Consequently, suspended sediments (which do not  seem t o  in f luence  pe r  
cent  hatch)  may not  be  a s  important  a s  t h e  e f f e c t  of depos i t ion  of s ed i -  
ment on eggs t h a t  had r e c e n t l y  been spawned. White perch eggs measured 
0.89 nun from t h e  f i e l d  and 0.92 mm from a r t i f i c i a l  spawning, w i th  ranges 
of 0.75 - 1.04 rn (Mansueti, 1964). We found a mean diameter  of 0.86 mm 
f o r  a r t i f i c i a l l y  spawned whi t e  perch (Morgan and Rasin, 1973). 
We w i l l  u se  t h e  v a l u e  of 0.90 mm f o r  t h e  diameter  of whi te  perch 
eggs. Blanketing of  wh i t e  perch eggs by sediment g r e a t e r  than  2 nm-~ i n  
thickness (a covering of 1 .2  mm over  t h e  top  of t h e  egg) r e s u l t e d  i n  
100% m o r t a l i t y  (Fig. 3 ) .  Sediment th i ckness  of 0.5 rn t o  1 .0  mm a l s o  
caused s i g n i f i c a n t  m o r t a l i t i e s  g r e a t e r  than 50%. Sediment b l anke t ing  
of below 0.45 mm ( t h e  bottom h a l f  o r  l e s s  of an  egg would be  i n  t h e  
sediment) does not  r e s u l t  i n  s i g n i f i c a n t  m o r t a l i t i e s  (Fig. 3) .  
Developmental r a t e s  of wh i t e  perch eggs were lowered s i g n i f i c a n t l y  
a t  a sediment th ickness  of over  0.8 mm. I n  those  eggs t h a t  had been 
exposed t o  a sediment th i ckness  of 2 mm o r  g r e a t e r ,  development was l e s s  
than 60% of t h e  con t ro l .  The ma jo r i ty  of eggs d i ed  a t  t h e  l a t e  morula- 
ea r ly  gas t ru l a  s tage .  
The e f f e c t s  of high suspended sediment l e v e l s  on s t r i p e d  bass  
and white  perch l a rvae  were determined by a  s e r i e s  of a c u t e  b ioassays .  
Generally,  t hese  assays  were e i t h e r  of a  one o r  two-day exposure. Some 
6-hr exposures of l a r v a e  t o  h igh  sediment l e v e l s  were a l s o  run,  but  t h e s e  
shor t  exposures,  even t o  suspended sediment l e v e l s  of 5200 ppm, d i d  not  
r e s u l t  i n  d e t e c t a b l e  m o r t a l i t y  f o r  e i t h e r  s t r i p e d  bass  o r  whi te  perch 
l a rvae .  
Levels of 1626 t o  5380 ppm of suspended sediment r e s u l t e d  i n  whi te  
perch l a r v a l  m o r t a l i t y  ranging from 27.3 t o  29.3 p e r  cent  (Fig.  4) f o r  
a  one-day exposure. There was a  s i g n i f i c a n t  l i n e a r  r eg res s ion  of m o r t a l i t y  
versus  se s ton  concent ra t ion  (Table 1 )  a f t e r  pooling t h e  sums of squares 
a t t r i b u t e d  t o  dev ia t ions  from reg res s ion  and t h e  e r r o r  sum of squares.  
The s i g n i f i c a n t  d e v i a t i o n s  from reg res s ion  ( f o r  t h r e e  of t h e  sediment 
bioassays)  were a  r e s u l t  of e i t h e r  he t e rogen ie ty  around t h e  r eg res s ion  
l i n e  o r  a  p o s s i b l e  cu rve l inea r  funct ion  r a t h e r  than  a  l i n e a r  func t ion  
(Sokal and Rohlf,  1969). One poss ib l e  way t o  e l i m i n a t e  some of these  
s i g n i f i c a n t  dev ia t ions  from reg res s ion  would have been t o  have more exper i -  
mental va lues  i n  t h e  lower s e s t o n  ranges. 
White perch exposed t o  se s ton  l e v e l s  of 1626 t o  5380 ppm f o r  two dayshad  
m o r t a l i t y  r a t e s  of 22.6 t o  62.0 pe r  cen t  (Fig.  4 ) .  Again t h e r e  was a  s i g -  
n i f i c a n t  l i n e a r  r eg res s ion  (Table 1 )  of l a r v a l  m o r t a l i t y  t o  s e s t o n  l e v e l .  
Calcula t ion  of t h e  LD50 f o r  1-day and f o r  2-day exposures from t h e  
regress ion  equat ions  i n d i c a t e d  t h a t  s e s ton  l e v e l s  of 11,642.4 ppm a t  one 
day and of 2679.5 ppm f o r  two days would k i l l  50 per  cen t  of a  l a r v a l  
white  perch populat ion.  
Simi lar  r e s u l t s  were obta ined  f o r  t h e  e f f e c t s  of suspended sediment 
on l a r v a l  s t r i p e d  bass  (Fig.  5 ) .  Sediment l e v e l s  from 1557 t o  5210 ppm 
caused s t r i p e d  bass  m o r t a l i t i e s  ranging from 20.0 t o  27.3 pe r  cen t  f o r  a  
one-day exposure and 38.7 t o  66.0 per  cen t  f o r  a  two-day exposure. There 
was a  s i g n i f i c a n t  r eg res s ion  of s t r i p e d  bass  l a r v a l  m o r t a l i t y  t o  suspended 
sediment l e v e l s  (Table 2)  f o r  both t h e  one-and two-day exposures.  
To k i l l  50 per  cent  of a  l a r v a l  s t r i p e d  bass  popula t ion  i n  one day, 
sediment loads  of 7845.8 ppm must be  p resen t .  The LD50 f o r  a two-day 
exposure i s  3411.0 ppm. 
It should be poin ted  out  now t h a t  a l l  of t h e  assays  f o r  sedi.ment e f f e c t s  
on e i t h e r  l a r v a l  s t r i p e d  bass  o r  wh i t e  perch were simply a c u t e  b ioassays .  
Longer exposures t o  lower suspended sediment concent ra t ions  could r e s u l t  
i n  s i g n i f i c a n t  m o r t a l i t i e s .  It may be necessary t o  modify t h e  expe r i -  
mental t anks ,  f o r  e i t h e r  longer  a c u t e  exposures o r  chronic  experiments,  
by providing a  food d e l i v e r y  system f o r  t h e  la rvae .  
DISCUSSION 
A t  t h e  p resen t ,  t h e r e  i s  l i t t l e  information on t h e  e f f e c t  of suspended 
m a t e r i a l s  on t h e  development of f i s h  eggs and la rvae .  Sherk (1971) comments 
on only fou r  papers  concerning f i s h  eggs and l a r v a e a n d e i t h e r  suspended 
o r  depos i ted  sediments. One of t h e s e  papers  was by Bayl i ss  (1968) who ob- 
served t h a t  s t r i p e d  bass  eggs ha tch  b e t t e r  on "cleaner" types  of bottom 
m a t e r i a l s  such a s  sand r a t h e r  t han  mud. Obviously, s t r i p e d  bass  eggs i n  
na ture  seldom spend a l l  of t h e i r  t ime incubat ing  on bottom m a t e r i a l s  but  
a r e  c a r r i e d  by c u r r e n t s .  
Recently,  Schubel and Wang (1973) have s tud ied  t h e  e f f e c t s  of sus-  
pended sediment on t h e  pe r  cen t  ha tch  of a  number of e s t u a r i n e  spawners 
inc lud ing  t h e  wh i t e  perch and s t r i p e d  bass .  They found t h a t  suspended 
sediment concen t ra t ions  up t o  500 ppm had no e f f e c t  on t h e  h a t c h i n g ,  
success  of whi te  perch o r  s t r i p e d  bass  and t h a t  t h e r e  vas  a  f requent  
de l ay  i n  ha tch  of t h e  eggs when exposed t o  sediment l e v e l s  over 100 ppm. 
Our work a t  both comparable and h ighe r  l e v e l s  of sediment support  t h e i r  
conclusions (Fig. 1 and 2 ) .  However, development r a t e ,  expressed a s  pe r  
cent  c o n t r o l  ranked development, was always lower than  c o n t r o l  develop- 
ment even a t  50 ppm sediment f o r  s t r i p e d  bass  (Fig.  2 ) .  We observed 
s i g n i f i c a n t  changes i n  per  cent  c o n t r o l  ranked development a t  s e s ton  
l e v e l s  of approximately 2000 ppm and h ighe r  f o r  whi te  perch eggs (Fig. 1 ) .  
The C and D Canal i s  i n  a  t u r b i d  a r e a  (Flemer, 1969). With permission 
from D r .  J e r r y  Schubel, C B I ,  we were a b l e  t o  examine some of h i s  da t a  
f o r  t h e  C and D Canal r eg ion  i n  1971 (Table 3 and F ig .  6 ) .  We emphasized 
t h e  s t a t i o n s  f o r  t h e  March 1971 period.  Values f o r  t h e  s u r f a c e  a r e  gener- 
a l l y  lower than  t h e  s e s t o n  l e v e l s  a t  t e n  meters .  Seston l e v e l s  a r e  h igh  
during the.March per iod  f o r  a l l  s t a t i o n s  i n  t h e  canal  a rea  and a r e  consider-  
ab ly  lower than  those  observed a t  Grove Poin t  (Table 3 ) .  An extreme v a l u e  
of s e s ton  was observed on 11 March 1971 a t  CD 5 (Lorewood Grove) of 1043.5 
ppm. Later  i n  t h e  yea r ,  a  s e s ton  load of 2703.1 ppm was recorded a t  CD 3 
a t  a  depth of 11.5 m. (CD 3 i s  west of Summit Bridge.) These very  h igh  
values may r e f l e c t  dredging a c t i v i t i e s  and no t  n a t u r a l  cond i t ions .  
We measured se s ton  l e v e l s  f o r  s e l e c t e d  s t a t i o n s  i n  t h e  c a n a l  a r e a  i n  
1972 (Fig. 6 and Table 4 ) .  The va lues  were lower than  those  r epor t ed  by 
Schubel f o r  t h e  same genera l  a r ea .  However, we were sampling only  a t  t h e  
surface.  A l l  but  one of our  observa t ions  were below 100 ppm, whereas 
Schubel 's  ses ton  va lues  tend t o  be h igher .  
The sediment load present in the canal, even during dredging operations, 
does not appear to be a factor influencing striped bass hatch and subsequent 
survival as larvae. Both the egg and larva are resistant to high sediment 
levels,' however, we must qualify this statement by stating that long-term 
chronic exposures should be performed. 
Typically, the white perch egg is demersal although it may be dislodged 
from its attachnent. The sediment load in the canal does not affect the 
hatch of white perch. We feel that the amount of deposited sediment can 
influence per cent hatch of white perch as illustrated in Fig. 3. Again, we 
must point out that a significant egg mortality would have to be the result 
of sediment being deposited at a rate greater than 1 rmn in about two days, 
the time to hatch from fertilization for white perch (Mansueti, 1964). White 
perch eggs can complete development and hatch even if completely covered by 
silt (Fig. 3). Larvalwhite perch were also resistant to high suspended 
sediment concentrations. We feel that white perch eggs and larvae have 
evolved to a type of estuarine existence consistent with their spawning be- 
havior. The demersal adhesive eggs of the white perch are constantly in 
contact wi'h high sediment levels although tidal currents may serve to pre- 
vent suffocation of the eggs. The white perch egg is fixed to the substrate 
such that some abrasion from suspended sediments may occur. 
Both Talbot (1966) and Mansueti (1961) have pointed out that striped 
bass are adapted to silt-laden and turbid waters. Again, the resistance 
of striped bass eggs and larvae to high suspended concentrations may be a 
factor in their success. 
Presently, dredging operations may be adding to the sediment load in 
the canal region. With completion of the dredging except for maintenance, 
the seston levels may stabilize and become more subject to the physical 
characteristics of the canal area. 
The cana l  a rea  l i e s  i n  a  h igh  t u r b i d i t y  a rea  which i s  governed by 
f reshwater  i npu t  and c l ima to log ica l  condi t ions .  These f a c t o r s  probably 
govern the  se s ton  load i n  t h e  upper Chesapeake Bay more than  any in f luence  
from c u r r e n t  dredging ope ra t ions .  
I n  t h e  C and D Canal proper ,  t h e  increased  water  v e l o c i t y  (P r i t cha rd  
and Cronin, 1971) may c o n t r i b u t e  t o  maintaining a  h ighe r  se s ton  load i n  t h e  
canal  and i t s  approaches. However, t h e  h ighe r  se s ton  load may lower t h e  
m o r t a l i t y  of t h e  s t r i p e d  bass  la rvae .  The decreased v i s i b i l i t y  from t h e  se s -  
t o n  i n  t h e  canal  a rea  may r e s u l t  i n  l e s s  p reda t ion  i n  t h e  s t r i p e d  bass  l a rvae .  
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Fig. 2. The effect of suspended sediments on the eggs of 
striped bass expressed as per cent of control hatch and per cent of 
ranked development of the control group. Each point represents the 
mean of at least three replicates. 
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